Results-At presentation the size of the left ventricular cavity was normal or enlarged in all cases. The measurements of the orifice of the aortic root and mitral valve were either normal or small for the gestational age. The echocardiographic diagnosis made at presentation was critical aortic stenosis in all cases. At necropsy or postnatal examination the aortic valve was dysplastic and stenotic in 15 cases and the left ventricle had become hypoplastic in one of these. Aortic atresia was present in seven patients, three of whom had a hypoplastic left ventricle. In six patients the aortic valve was bicuspid although not obstructive. One of these patients had hypoplasia of the aortic arch and one had a hypoplastic left ventricle but in the remaining four patients endocardial fibroelastosis of the left ventricle was the only abnormality found. No Over the past 10 years echocardiography has become established as a reliable technique for the detection of structural heart disease in prenatal life.'2 As the number of anomalies detected increases it becomes possible to examine groups of cases in separate diagnostic categories. The characteristic echocardiographic and anatomical features of the defect as encountered in the fetus can then be described, while the severity and outcome of the lesion seen antenatally can be compared with postnatal experience. The natural history and progression of lesions can be observed from the second trimester. With these aims we retrospectively examined a series of 30 cases seen over a 10 year period in which there were the characteristic echocardiographic features of left ventricular dysfunction.
Patients and methods
The case material was derived from patients referred for fetal echocardiography to our unit since February 1980. We now have experience of 7000 pregnancies at increased risk of congenital heart disease. heart syndrome and these were excluded from this study. In another three patients there was evidence of left ventricular dysfunction but there was also right ventricular dysfunction and the aorta seemed normal. These were excluded from this study because they were diagnosed as having a different disease both on prenatal echocardiographic examination and on subsequent examination after delivery. There was one further fetus, with an aortic-left ventricular tunnel, that also had evidence of left ventricular dysfunction. However, there was considerable aortic incompetence at presentation which distinguished this case from the study group. All cases of isolated left ventricular endocardial fibroelastosis were included in this study. There were five cases of endocardial fibroelastosis involving more than one cardiac chamber; these were excluded from the study because they did not have the features ofcritical aortic stenosis and were considered to belong in a different diagnostic group at presentation.
In 28 of the 30 cases forming the study group the patient was referred because of the suspicion of fetal heart disease on a routine obstetric scan. The reason for referral in one case was cystic hygroma and this was the only fetus in which an extracardiac anomaly was found. Fetal hydrops was the reason for referral in the last case.
A thickened. The sizes of the left and-right atria were compared and the left atrial size was graded as normal and as mildly or moderately enlarged relative to the right atrium. The cardiothoracic ratio was measured on a four chamber view in a standard fashion and compared with the normal range.6 The Doppler characteristics offlow of blood across the mitral and aortic valves recorded on videotape were noted. Five patients had sequential studies during pregnancy. The necropsy specimens of 21 cases were available for examination and the postmortem reports of a further five cases were studied. In 16 cases the specimens were available for postmortem examination soon after the echocardiographic study. In these we calculated the agreement between the measurements made echocardiographically and those made at necropsy.7 In four cases necropsy was refused but in two of these postnatal echocardiography had been performed. No follow up information was available in two cases. The clinical features and outcome of each case were analysed.
Results
There was evidence of fetal hydrops at presentation in a total of nine cases. width was either within the normal increased compared with the normal all cases ( fig 4A) ; the length was n increased in most ( fig 4B) .
Atrial septum, left atrial size, and cardi ratio The left atrium was normal in 18, enlarged in five, and moderately en seven. The cardiothoracic ratio, whic depended mainly on the left atrial siz presence or absence of fetal hydrops (fi ratio was increased in all hydropic fe in all those with a large left atr associated intact atrial septum. The a tum seemed to be intact in 11 cases, septum bulging from left to right. In cases the left atrium was enlarged. In left to right shunting through the atriE was clearly shown on colour Doppler diography. In these cases the flap val foramen ovale, normally a prominent atrial structure, was seen herniating right atrium. into the with advancing gestational age. All five cases had evidence of forward flow across the aortic valve on Doppler echocardiography at presentation. In two cases, however, no forward flow could be demonstrated on the subsequent study. Both of these cases progressed to hypoplastic left heart syndrome. In one of these, hypoplastic left heart was diagnosed on the sequential echocardiographic study and in the second the diagnosis was made at postmortem study after intrauterine death a few weeks after the sequential study. The atrial septum in this case, which was first seen at 22 weeks' gestation, was initially patent whereas at 28 weeks' gestation it appeared to be intact by echocardiography. This was confirmed at necropsy. In addition, in a further three fetuses that only had one prenatal study, necropsy three, four, and eight weeks after the echocardiographic study showed that the left ventricle was hypoplastic relative to the right ventricle and hypoplastic left heart syndrome was the final diagnosis. natally across the aortic valve. In six cases the aortic valve was bicuspid although not obstructive. One of these had hypoplasia of the aortic arch and one developed a hypoplastic left ventricle, but endocardial fibroelastosis of the left ventricle was the only pathological finding in the remaining four cases. Thus of those with follow up information five cases had progressed to the hypoplastic left heart syndrome.
Discussion
We originally designated this characteristic echocardiographic picture of left ventricular dysfunction as critical aortic stenosis. There were six cases, however, that were indistinguishable echocardiographically from the rest but which proved to have a thin and patent aortic valve at necropsy. There were five cases that had a patent aortic valve on prenatal Doppler echocardiographic studies but in which the valve had become atretic by the time of necropsy. Development into the hypoplastic left heart syndrome was seen in five cases, as the left-sided structures failed to grow at a normal rate with advancing gestational age. This type of left ventricular dysfunction in the fetus, therefore, represents an overlap of diseases including primary left ventricular endocardial fibroelastosis, critical stenosis of the aortic valve, and the hypoplastic left heart syndrome. It constitutes over 6% of the abnormalities encountered in prenatal life compared with a frequency of 1*2% of critical aortic stenosis in a postnatal series.'0 This discrepancy is accounted for by the observation that some of these cases seen in early pregnancy will progress to either aortic atresia or the hypoplastic left heart syndrome and that some cases have primary left ventricular disease and endocardial fibroelastosis.
Though the universal echocardiographic feature of this condition was a poorly contracting left ventricle, there were varied associated echocardiographic and anatomical findings. Left ventricular size was within the normal range for gestational age at presentation, but the size of the aortic root and mitral orifice was either normal or small for the gestational age. The echocardiographic diagnosis of endocardial fibroelastosis correlated well with the findings post mortem. Endocardial fibroelastosis was a frequent but not constant association. It also varied in extent and severity. Echocardiographically it proved impossible accurately to predict the morphology of the aortic valve in all the cases. Ifthe aortic valve was well imaged, however, a thickened doming valve could be identified in some cases. At necropsy the leaflets of the aortic valve were commonly seen to be thickened and disorganised but in six cases they had a relatively normal appearance. The difficulty in comparing the echocardiographic and anatomical results is that in some cases there was an interval between the two and, as we found, changes can take place with advancing gestation.
Intrauterine closure of the atrial septum has been suggested as a cause of malformations of the left heart" and a closed or restrictive atrial septum was confirmed at necropsy in eight cases. In one case seen at 22 and 28 weeks' gestation, the septum appeared patent at the first scan and closed six weeks later. It prognosis for this condition despite surgery'4 and this has to influence the obstetric management. It is likely that those cases with severe fibrotic changes or a small left ventricle in addition to small mitral and aortic orifices, as seen in many of our cases, will not survive relief of the obstruction'5 16 and therefore these cases perhaps should continue to be delivered normally.
Our observations have shown that some of these cases will develop into the hypoplastic left heart syndrome. This has important implications for many aspects of fetal echocardiography. The value of screening of the four chamber view of the heart during the routine obstetric scan at 18 weeks' gestation is well established in the United Kingdom. The results of this study suggest that some forms of severe left heart disease may not be fully developed at 18 weeks and therefore may be overlooked in the screening programe involving scanning at this time. Also, the progressive changes that may occur as pregnancy advances make the accurate prediction of prognosis in early pregnancy difficult. Thirdly, the outcome of this form of disease of the left heart in the fetus is poor so that various therapeutic options should be considered during fetal life. The diagnosis was made early enough for termination to be a possible option in 18 cases. Sixteen mothers (89%) chose this course. Alternatively, relief of aortic valve obstruction during pregnancy might allow the left ventricle time for recovery and improvement in growth before birth and may prevent or even reverse the development of endocardial fibroelastosis.9 However, there may be problems with prenatal selection of patients because it can sometimes be difficult to be sure that the aortic valve is abnormal. But even with accurate selection, by the time the patient comes to our attention it may be too late in gestation to prevent endocardial fibroelastosis and left ventricular damage.
In summary, left heart dysfunction can be identified in utero from echocardiographic characteristics. The natural history in cases seen in early gestation seemed to be an evolution into the hypoplastic left heart syndrome.
The outlook for those in our series seen in later pregnancy has been universally bleak. These observations allow a more rational approach to possible treatment. The options include termination of pregnancy; the exploration of methods of changing the course of the disease process during gestation; planning the delivery to obtain the best possible neonatal condition; and preparation for immediate valvotomy in selected infants.
